noted the probable association with epidemic pleurodynia (Bornholm disease), and this was confirmed the following year (Kilbourne, 1950) .
Human infections with Group A viruses include herpangina, febrile upper respiratory tract infection, aseptic meningitis, and a paralytic disease similar to poliomyelitis. Some patients develop a rubelliform skin eruption with fever. In humans, Group B viruses cause epidemic myalgia or pleurodynia (Bornholm disease), myocarditis, pericarditis, aseptic meningitis, orchitis, exanthemata, and a syndrome of lymphadenopathy and splenomegaly. For practical purposes it can be accepted that the heart lesions in man are due to Coxsackie B viruses, though an A virus has been recovered from the stools of newborn infants with myocarditis and pericarditis (Hosier and Newton, 1958; Movitt et al., 1958) . The latter finding is of doubtful significance in view of the widespread nature of the A virus and the lack of confirmatory antibody tests.
Coxsackie B myocarditis in neonatal infants was first reported from Southern Rhodesia in 1955 (Montgomery et al.) , and Southern Africa in 1956 (Javett et al.) . Similar small nursery epidemics were then reported from other parts of the world, including Amsterdam (van Creveld and de Jager, 1956 ). The disease was frequently fatal, and some of the infants showed features similar to those in experimental animals, such as hepatitis, nephritis, pancreatitis, and encephalomyelitis. Most of the earlier cases occurred at a time when Coxsackie virus infections were prevalent in the general community, but it has since been pointed out that the diagnosis should not be ignored in a nonepidemic period (Hosier and Newton, 1958) .
The first reports of Coxsackie heart disease in adults appeared in 1957, when Fletcher and Brennan from Northern Ireland reported an adult male with pericarditis due to a Coxsackie B4 virus. In the same year from the United States, Weinstein (1957) reported an adult male patient with pericarditis due to Coxsackie B5. In 1958, Fletcher and Brennan reported a further male patient with pericarditis due to a B3 virus. Null and Castle (1959) reported three adult patients with myocarditis and pericarditis due to Coxsackie B5 viruses. Subsequently scattered reports of other adult patients with Coxsackie myocarditis and pericarditis have been published (Bell and Meis, 1959; Agranat, 1961; Glajchen, 1961; Johnson et al., 1961; Lane, 1961; Lewes and Lane, 1961; Swann, 1961; Pollen, 1963) . It is very likely that such reports will multiply rapidly in the next few years with increasing awareness of the disease, and availability of virus reference laboratories.
"Idiopathic non-specific benign pericarditis" is not an uncommon conditionand has been recognized since 1854 (Christian, 1951) . There are several causes including chest wall trauma, systemic lupus erythematosis, heart operations, allergy, and irradiation. The association with Bornholm disease was noted 30 years ago (Bing, 1933; Aagaard and Jensen 1952) . It is now apparent that the most frequent cause is a Coxsackie B virus (Bradley, 1964) . It is also recognized that the condition is hardly ever restricted to the pericardium; the myocardium is frequently, if not always, involved, and this indeed is the cause of the electrocardiographic changes (Wolff and Grunfeld) 1963) . Other serous membranes, especially the pleura, may be affected. The term "benign" may be inappropriate in view of the associated myocarditis, and the occasional complications reported. A more accurate and descriptive term would be "Coxsackie myo-pericarditis ". Ten adult patients with heart disease, believed to be due to Coxsackie viruses, are reported. Six had the syndrome of "acute benign pericarditis", and presented with chest pain suggestive of pericarditis and mimicking myocardial infarction. The main details of these patients are shown in the P g o w f < * : t 4 , : _ _ 5 , s [ .v . 7 . Hg. The cardiac impulse was felt in the fifth space on the anterior axillary line. In the prmcordium there was a widespread pericardial friction rub with pleuropericardial element. There were fine crepitations at both lung bases and a few small axillary nodes were felt.
The urine was normal. Chest radiograph (Fig. 1 During his first ten days in hospital he had intermittent fever up to 39 5°C. Thereafter he was apyrexial and had no special treatment other than bed-rest and paracetamol. Pericardial aspiration was attempted on March 24, using the apical route. No pericardial fluid was obtained, though the left ventricular cavity was entered with a fine needle. The pericardial rub gradually disappeared over about 10 days and, as the rub became fainter, a temporary third heart sound was audible. No heart murmurs were present at any stage and the heart sounds were easily audible throughout. On discharge, 22 days after admission, his ESR was normal. The chest radiograph showed a normal heart size with clear lung fields (Fig. 3) , and the electrocardiogram was also normal (Fig. 4) (Westergren) . Antibody tests showed a titre of 1 in 160 against Coxsackie B4 and less than 1 in 10 against the other B viruses. Ten days later the titres were unchanged. The patient was discharged free of pain after a week and by then the electrocardiogram had greatly improved. In October 1964 he was seen by the writer when he was well and had a normal record. He reported a mild recurrence of chest pain in September 1964.
Summary. A 29-year-old man had a history and electrocardiogram compatible with myopericarditis.
The patient recovered in three weeks and was well until April 1964 when he had the first of four recurrences of chest pain, raised ESR, and electrocardiogram changes. He then had a fairly high titre against Coxsackie B4. On the last two occasions loud pericardial rubs were present.
Case 7. A business man, 30 years old, was admitted to the Sir Charles Gairdner Hospital on October 27, 1962. Three weeks before admission he developed an influenza-like illness with cough, rhinorrhoea, shivers, and severe generalized aches and pains. Some improvement followed penicillin and broad-spectrum antibiotics. Twenty-four hours before admission he suddenly became very breathless and slightly irrational. 
Adult Heart Disease Due to the Coxsackie Virus Group B On admission he was pale, orthopnceic, cyanosed, and disorientated. His initial temperature was 37 5°C., but it subsequently rose to 39 2°C. His pulse was 130 a minute, regular and of rather poor volume. Blood pressure 168/80 mm. Hg. The heart was considerably enlarged and the left ventricle was easily palpable on the anterior axillary line in the sixth interspace. The sounds were well heard and there was a loud triple rhythm due to a third heart sound. There were no murmurs or pericardial rub at any stage. Jugular venous pressure was raised 3 cm. above the sternal angle with the patient at 600. There was no paradox of the jugular venous or arterial pulses. The liver was moderately enlarged and there was slight sacral cedema.
The urine showed 30 to 100 mg. albumin. Microscopy showed many red and white cells and large numbers of granular and hyaline casts. Hsemoglobin 10-5 g.1100 ml., PCV 33 per cent, WBC 17,600 with 84 per cent polymorphs, ESR 95 mm. in one hour (Westergren). Chest radiograph (Fig. 7) showed pulmonary acdema, a right pleural effusion, and gross enlargement of the heart. The electrocardiogram (Fig 8) showed slight ST depression, and the T waves were fairly deeply inverted in the left ventricular leads. Plasma proteins showed a moderate reduction in albumin and slightly raised a2 and y-globulins. Blood urea initially was 90 mg./100 ml. and subsequently reached a peak of 294 mg./100 ml. Serial serum electrolytes showed low sodium and chloride with progressively rising potassium. Cold agglutinans, ASO titre, Coombs' test, and C-reactive protein were all normal or negative. Repeated sputum cultures were negative. No cytopathic agent was cultured from the throat or fbeces, but the serum showed a neutralizing antibody titre against Coxsackie B2 of 1 in 128 on November 1, 1962. On November 13 the titre was 1 in 256 and on August 6, 1963 1 in 512.
This patient, who was desperately ill, was treated with digoxin, omnopon, oxygen by intermittent positive pressure using the Bird Machine, salt and fluid restriction. Erythromycin was given parenterally. He became very disorientated and had to be restrained. The jugular venous pressure rose to very high levels and 48 hours after admission a venesection of 500 ml. of blood was performed. This produced very little clinical improvement and subsequently he had severe oliguria and the serum potassium rose progressively to a maximum figure of 6-8 mEq/litre. He was then having a high carbohydrate intake, resonium and insulin. Fortunately a diuresis started shortly afterwards, his condition rapidly imnproved, and his urine returned to normal. His heemoglobin on November 14, 1962 was 8-9 g./100 ml., and he was then given two pints of packed cells. Serial cardiograms showed slight worsening of the appearances noted initially, but his chest radiograph (Fig. 9 ) and his cardiogram (Fig. 10) (Westergren) . Chest radiograph (Fig. 11) showed appearances suggesting a posterior loculated pleural effusion, possibly associated with pneumonitis. The left lung and diaphragm were normal. The heart was normal in size and shape. Serial radiographs showed gradual reduction of the right-sided opacity. The initial electrocardiogram (Fig. 12) Chest radiograph was negative apart from slight tenting of the right diaphragm. An electrocardiogram (Fig. 14) was still abnormal and showed persistent ST-T A loud third sound was audible at the mitral area, but there were no heart murmurs, pericardial or pleural rubs. Jugular venous pressure was elevated 4 cm. above the sternal angle with the patient at 800. There was no paradox of arterial or venous pulses. The liver was 3 cm. enlarged below the right costal margin and the spleen tip was palpable. There was no cedema. Small nodes were present in both axilla. Full blood count was normal. ESR 2 mm. in one hour (Westergren). Repeated urine testing was negative. Plasma proteins and electrophoresis, routine agglutinans, urinary catecholamines, LE cell preparations, ASO titre, C-reactive protein, serum electrolytes, and blood urea were all normal or negative. Chest radiograph showed much enlargement of the left ventricle and associated pulmonary congestion. Electrocardiogram showed left bundle-branch block and sinus rhythm. No cytopathic agent was isolated from the throat or fieces. On October 16 the blood sample showed a neutralizing antibody titre against Coxsackie B4 of 1 in 640. There was also a raised titre against Coxsackie B2 of 1 in 40. The titres against the other Coxsackie B viruses were less than 1 in 10. On October 31 the titre against Coxsackie B4 was unchanged, while that against B2 had increased to 1 in 160.
He was treated with digoxin, oral diuretics, bed-rest, and aspirin. Slight intermittent pyrexia persisted for most of his two-week stay in hospital. On discharge home he was ambulant, but his effort tolerance was poor. He was readmitted five weeks later in severe circulatory failure and died shortly afterwards while being given oxygen and pressor agents. Unfortunately a necropsy was not performed.
Summary. A 45-year-old man had been treated for a presumed cardiac infarction two years before his penultimate admission. Two weeks before admission he developed a pyrexial "influenza-like" illness, followed by rapidly progressive dyspncea. There was marked enlargement of the left ventricle and triple rhythm, but no heart murmurs or rubs were audible. A high titre against Coxsackie B4 was found, and there was no change 14 days later, probably indicating an infection of some duration. There was, however, a fourfold increase in titre against Coxsackie B2 suggesting recent infection with this virus. The patient died suddenly five weeks after discharge from hospital. It is postulated that this patient may have had a Coxsackie myocarditis, superimposed on coronary heart disease.
DISCUSSION
There seems no real doubt that Coxsackie B viruses were responsible for the heart disease in 7 of the above 10 adult patients. There is fairly good inferential evidence that the virus was responsible for chronic myocardial or endocardial damage in two others. The tenth patient's fatal illness has been attributed to the complementary effects of the virus on pre-existing coronary heart disease.
Diagnosis. The best means of diagnosis is the isolation of the virus from the throat, stool, or pericardial or pleural cavity, together with a progressive rise of the type-specific neutralizing antibody titre. Unfortunately, by the time the patient presents with heart symptoms, the acute stage of viremia is usually over, and attempts at isolation of the virus may be unsuccessful. In practice, the diagnosis is made by the combination of the clinical picture, chest radiograph, electrocardiogram, and a rise in the serum neutralizing antibodies. Most patients with the acute illness will have fever and a raised ESR and a slight or moderate neutrophil leucocytosis. If pericarditis is present, the character of the chest pain and its relation to posture, respiration, and movement is often diagnostic of pericarditis, and this type of pain was present in the first six patients in this series. The chest radiograph may show a normal heart shadow (Case 2) or alternatively the heart shadow may be greatly enlarged (Case 1). Pleural effusion with or without pneumonitis may be associated with the heart disease (Case 8 (Rhodes and van Rooyen, 1962) . The height of titre bears no relationship to the severity of the illness.
Experimental Evidence. Myocarditis has been produced in experimental animals, such as mice, hamsters, and guinea-pigs following inoculation of live Coxsackie B viruses isolated from the myocardium, lung, or liver of human patients. In neonatal myocarditis, the virus can usually be isolated from the myocardium and frequently from other tissues, such as the liver and kidney. In adults it is still uncertain whether the acute heart lesion is due to a direct attack by the virus or a hypersensitivity phenomenon similar to that now believed to be the common denominator in such conditions as rheumatic fever, post-cardiotomy syndrome, post-myocardial infarction syndrome, and trauma to the chest wall (J. Amer. med. Ass., 1962) . The latter explanation is suggested by the delay between the initial virmmia and the onset of the heart disease. The recurrent exacerbations in chronic Coxsackie myocarditis and pericarditis sometimes seen after repeated respiratory tract infections are best explained by such a theory (Cases 6 and 9). Anti-heart antibodies have been demonstrated in rheumatic fever, post-cardiotomy syndrome, myocardial infarction, and some cases of idiopathic cardiomyopathy (Sanders, 1963) . It is generally conceded, however, that these could well be the effects of injury rather than the cause. It should also be noted that experimental heart lesions are not produced by homologous antigen injections, though this could well be explained by the fact that an infectious agent plus homologous antigen, plus an adjuvant, may be necessary to initiate the cardiac lesion. Important evidence in favour of the autoimmune theory is that bound y-globulin has been demonstrated in the myocardium of patients with rheumatic heart disease (Kaplan and Dallenbach, 1961) .
In their study of 1,042 patients with myocarditis, Gore and Saphir (1947) could make no stiological diagnosis in 75 per cent. The microscopical appearances which they describe in "nonspecific myocarditis" are very similar to those described by Fiedler in 1899, and to those reported in fatal cases of Coxsackie myocarditis. It should now be possible to prove a virus etiology in many such patients, and the numbers of "idiopathic" myocarditis should rapidly decline.
Relation to Permanent Heart Damage. The relation of Coxsackie infection to chronic or permanent heart damage is not yet clear. Godfrey (1951) and Wolff (1943) have reported cardiac enlargement and cardiographic changes persisting 2j and 13 years respectively after an initial "acute benign pericarditis". There are also on record a few patients who have developed a true constrictive pericarditis following an episode of acute Coxsackie pericarditis (Wolff and Grunfeld, 1963) . Similarly unexplained heart valve lesions often loosely attributed to rheumatic carditis may be of viral origin. Burch and De Pasquale (1964) point out that virus endocarditis is now known to occur in animals and may well be a cause of valve lesions in the human. In Case 9 of this series, the evidence strongly suggests that an initial virus myocarditis was responsible for persisting left ventricular damage with functional mitral incompetence or possibly organic mitral incompetence due to viral endocarditis. Two subsequent exacerbations of the heart disease followed influenza-like illnesses that were associated with a high titre against Coxsackie B4. Case 8 has residual electrocardiographic abnormalities 18 months after her initial illness. At the present time, she has no clinical heart disease, but prolonged follow-up will be of great interest. It is not unreasonable to suggest that some of the so-called idiopathic cardiomyopathies including the familial variety may be a late effect of the ravages of the Coxsackie virus.
Summation with Pre-existing Heart Disease. Another factor, about which little is known, is the effect of Coxsackie myo-pericarditis in a patient with pre-existing heart disease, such as coronary heart disease, hypertension, or endocarditis. By the laws of chance this is bound to happen occasionally, and one would hardly be surprised by the severity of the illness or the likelihood of incomplete recovery. In Case 10, there is suggestive evidence that the patient's fatal illness was due to a combination of Coxsackie myocarditis superimposed on pre-existing coronary heart disease.
Prognosis. Mention has been made of possible chronic pericardial, myocardial, and even endocardial damage and summation with pre-existing heart disease. Hmmopericardium has been reported in "acute benign pericarditis", especially if anticoagulants have been used (Swan, 1960 (Bradley, 1964) . Recurrences are always possible, and Case 6 had four recurrences of pericarditis in the two years after the initial illness. Despite these frequent attacks of pericarditis, there is as yet no evidence of permanent heart damage in this patient, but prolonged follow-up will be necessary with particular reference to the development of constrictive pericarditis.
Treatment. Treatment of these potentially severe, and sometimes fatal, conditions is mainly symptomatic. Steroids may be considered, but it is important to note that there is some experimental evidence in adult mice that steroids, given in the acute phase of the illness, will greatly hasten the progress of the myocarditis (Kilbourne, Wilson, and Perrier, 1956) . Anticoagulants are dangerous in virus pericarditis as in other varieties of diffuse pericarditis (Smith, 1961) , and are best strictly avoided.
Obviously further research and publication of case reports are necessary to provide the complete answer to this problem. A high index of suspicion is necessary, and it should be remembered that Coxsackie myocarditis with or without pericarditis is relatively common. It is by no means a disease of newborn infants, and will probably be found in a surprising proportion of both adults and pediatric patients in hospital and general practice if diligently sought. Prolonged follow-up of such patients is necessary to delineate the natural history of the heart lesions. SUMMARY A series of 10 adult patients, believed to have heart disease due to Coxsackie B virus infection, is reported. There were 9 men, aged 27 to 56 years, and 1 woman aged 30 years. All patients had evidence of myocardial involvement, and 6, in addition, had pericarditis and presented with pericardial pain. In the majority of patients, the ESR was moderately raised, and the white count showed a moderate leucocytosis with a preponderance of neutrophil leucocytes. Serological tests implicated Coxsackies B5 in 4, B4 in 3, B2 in 3, and Bl in one. Seven patients, including a patient who was desperately ill with heart failure and nephritis, made a complete clinical recovery, though one of these patients has residual changes in the electrocardiogram. A further patient had four recurrences of pericarditis in the two years after the initial illness, but so far shows no evidence of permanent heart damage. One patient has mitral incompetence due to chronic myocardial damage or possible endocarditis. One patient died, possibly due to a summation of Coxsackie myocarditis with coronary heart disease.
Heart complications of Coxsackie virus infections are probably fairly common and are by no means restricted to newborn infants, as early reports suggested. Youngish men appear to be specially susceptible. The heart disease may be associated with other features of Coxsackie infection such as myalgia, orchitis, pleurisy, aseptic meningitis, and rarely hepatitis, pancreatitis, encephalitis, and nephritis. Other members of the family may have had a recent "virus infection". The diagnosis is made on the basis of clinical picture, associated features such as orchitis, family illness, radiograph, and electrocardiogram, and virus antibody tests.
Myocarditis may occur alone, but pericarditis is almost always associated with a degree of myocarditis. Dilatation of the heart rather than pericardial effusion is probably the usual cause of rapid change in heart size. The syndrome of acute "nonspecific benign pericarditis "may stimulate cardiac infarction and is most often due to a Coxsackie B virus. The correct diagnosis is, therefore, "acute Coxsackie myo-pericarditis ".
Most of the recorded deaths are in newborn infants, and the great majority of adult patients with heart involvement recover completely. Recovery will depend on the degree of myocardial injury, the presence of underlying heart disease, complications such as hemopericardium, and the unpredictable possibility of future recurrences which may occur within the first few years after the initial illness. In a few patients constrictive pericarditis, chronic heart enlargement, or electrocardiographic abnormality may remain.
Coxsackie virus infection should be considered in patients with acute myocarditis, idiopathic cardiomyopathy, "murmurless heart disease", Fiedler's myocarditis, and otherwise unexplained cardiographic changes. Coxsackie virus endocarditis is known to occur in animals and should be considered in the diagnosis of obscure valve lesions in man.
The exact mechanism of the heart disease in adults is not yet known. There is suggestive evidence that the virus may initiate an auto-immune reaction such as probably occurs in traumatic carditis, postmyocardial infarction syndrome, trauma to the chest wall, and after heart surgery. 
